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Design and experiments analysis of automatic taking and throwing device for

“Juncao” plug seedlings

Ye Dapeng' ?, Qing Jiaxing"?, Wu Yiteng', Lai Hongkang', Weng Haiyong' ?, Li Qing"?
(1. College of Mechanical and Electrical Engineering, Fujian Agriculture and Forestry University, Fuzhou, 350100,
Chinas; 2. Fujian Key Laboratory of Agricultural Information Sensing Technology, Fuzhou, 350100, China)

Abstract: Seedling transplanting was considered as ones of key steps during “Juncao” planting. However, there is a lack of
automatic taking and throwing devices in the in recent years. Alternatively, developing an automatic taking and throwing
device can improve the transplanting efficiency as well as reduce labor intensity. This study aimed to develop a six-bar device
by analyzing the working principle of device, establishing a kinematic model and optimizing structural parameters. According
to the anti-pressure characteristics of the “Juncao” plug seedlings bowl and the basic and spatial constraints of the device, the
structural parameters of each rod were optimized and analyzed, and the simulation trajectories and kinematic parameters were
obtained by establishing a virtual prototype. Furthermore, a prototype was developed and then actual motion trajectory of the
taking and throwing device was obtained via a high-speed camera. The consistency between the two trajectories was
compared to verify the reasonability of the prototype. In order to ensure the availability of the developed device, the operation
of taking and throwing was carried out by using “Juncao” (Oasis No. 1) plug seedlings. The rotation speed of the active rod,
the inclination angle of the seedling delivery device and the moisture content of the bowl were used as experimental factors,
and the success rates of taking and throwing were used as response indicators. A three-factor and three-level orthogonal
experiment was performed. The bench test showed that it achieved the best performance when the driving rod speed, water
content of the bowl and inclination angle of the seedling feeding device was 30 r/min, 60% and 50 °, respectively. Repetitive

experiments by using the optimal factor level also reached the success rates of taking and throwing of 95. 31% and 93.4%.
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Fig. 3 Working principle diagram of seedling taking and
throwing device
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Fig. 4 Compressive mechanical characteristic curve of the pot
body with plug seedlings
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Tab. 1 Result of scattering rate of “Oasis No.1” plug seedlings

W7 FYEHIE/mm %R/ %
1 100 5.86
2 200 8.88
3 300 12.25
4 400 16.07
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Fig. 8 Simulation results of taking the end of the seeding needle
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Fig. 9 Design drawing of seedling delivery device
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Tab. 3 Experiment scheme and results of seedling taking and throwing
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4 30 40 70 48 43 40 89. 58 93.02 83.33
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86. 819 .88. 196 81. 94 0 5 3K 1 & ' AU R% A7 X 10 114 HiX ke R FOIRM AME ¥ F P
B s D2k 84. 03 % .87. 50 % .85. 42 % s Bk K & A 37.62 2.00 18.81  1.44 0.41
S N B FE PR 3 2K 85. 429 . 88.89% .82. 64% . o B 2.89 2.00 1.45  0.11 0.90
AR R TR R QR R YR W3, TS ¢ 3472 2.00 17.36 1.33  0.43
e T DA B SR AR B KR B LR QL S . M WE 26.04 2.00 13.02
BN, B A Y R A O, IR B R e B R) AR A, A 18.65 2.00 9.32 24.40 0.04
B R 1 AR NG IO L SRR AR B v e B 8.65 2.00 4.32 11.32 0.08
Tk R BB AL 457 B A A0 B I ) AR R B “ C  16.26  2.00 8.13 21.28 0.04
T # 1z B AR oG B RE SE BE o BRI, KR NS WE 076 2.00 0.38

T IBCHG B Al B, B K R R BRI RN HE, T2
PEAE 2 ASHF BUHT & B 7B = B i, ok Rt
R4 T B PR ITURE 22 0] ) 80 B D B AR, X R i 4R A is
AR A R B . 3 4 36 5 AT A5, IO AR T
R0 R 2R HE Y O 2 B R > R K R > 6
BB WA, 2R A BE BRI AL R KT B AT i
30 r/min BRI 7K 3R 60 Y0 LA K% 1 % B R 507,

x4 WESFWE
Tab. 4 Range analysis table

L7 ® = A B C
K, 281.25 272.92 270. 83
K, 277.08 277.08 283. 33
Q K, 266. 67 275.00 270. 83
&S 4.86 1.39 4.17
FW: A>C>Bslwfhdlf: AB.C,
K, 277.77 277.11 283. 87
K, 286. 30 284.18 282. 21
Q: K, 276.62 279.41 274.61
&S 3.23 2.35 2.53
FW: A>C> By G: A.B.C,
https://www.cnki.net
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993, 4%, BRI N 89. 0296, BT R .

4 ZHig

1) JRJ gkl — 57 B B R R A I P T
PRI I DL RV B0 A5 B AR 18 T 2 A B K R e
B8R S Wl 0N | AR R R B E 400 mm B, FLHE TS R
LN 16.07% .

2) Wb —Fp A 2 B ek AR B R L 3B
MatLab HF & AWLEE BARALF A, DL A A5 5112 % 4% 45
MWSH B I 0 5 B8 Sh B0l , 35 SR,
AT i AR AL R AL Sz Sh G , 90 U T IE AP

3) VEFE F SR 26 R AR R K
AR R P KT TR 51 B ) A K ) R
b, FFJE = 3 = KO 1B SSIR 56, 0 o B 1 B R K
SN ST 30 r/min IR & KR 609 26T
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